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This study’s purpose was to identify and compare the self-reported knowledge and 
attitudes of teledentistry (TD) among dental (DDS) and dental hygiene (DH) students at the 
University of North Carolina at Chapel Hill, Adams School of Dentistry, before and after an 
educational intervention. A faculty TD presentation was followed by small group discussions 
and a large group debriefing session. Optional pre- and post- digital surveys were conducted. 
Survey participants included 30 DH and 14 DDS students. A significant increase in knowledge of 
TD (p <0.01) and favorable attitudes of DHs’ role in TD (P=0.04) were found. Simulations, 
integration into community rotations, and didactic courses were identified as ways to 
incorporate TD into curriculum. The educational session resulted in significant increase in 
knowledge and demonstrated positive attitudes toward the adoption of TD into curriculum. A 
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CHAPTER I: INTRODUCTION 
Teledentistry (TD) is the use of technology to communicate health information, provide 
oral healthcare, screen, and educate remotely between oral healthcare providers and patients.1 
This dental care delivery system was born out of a larger movement using telehealth 
technologies in the field of medicine.1  Historical developments in TD have led to multiple 
modalities of care including synchronous video conferencing between patient and provider 
using audiovisual aids, asynchronous store-and-forwarding of collected data to the provider, 
remote patient monitoring (RPM) of continually collected health data, and information 
gathered through mobile devices, or mobile health (mHealth).2   
The U.S. Department of Health and Human Services highlights that vast oral health 
disparities exist across the nation, pointing to the need for development of new approaches to 
dental treatment that address access to care barriers among populations.3 Consequently, TD 
has demonstrated its usefulness in answering this national call by significantly impacting the 
way oral health care is delivered to disadvantaged populations such as children, prisoners, and 
the elderly and those with intellectual and developmental disabilities who have limited access 
to traditional dental care.4,5,6 There are many examples of dental professionals that have 
successfully utilized TD to deliver patient care including: oral medicine and maxillofacial 
surgeons, orthodontists, prosthodontists, endodontists, periodontists, pediatric and general 
dentists and dental hygienists.7,8  There is also noted evidence of TD being cost-effective due to 
decreased travel expenses for patients, increased patient care for providers and overall 
 2 
reduced cost of dental neglect through educational and preventative services. 8,9 The validity of 
TD has been demonstrated through studies covering pediatrics, general dentistry, radiology, 
endodontics and orthodontics where diagnoses were consistent between TD and visual 
examinations.10  While all states and Washington D.C. reimburse providers for at least some 
form of telemedicine services, only eight states reimburse for TD services as of 2019.11,12 The 
American Dental Association (ADA) released the first two Current Dental Terminology (CDT) 
codes addressing TD events in 2017 and it is their hope that these codes will motivate further 
commercial and government reimbursement for services provided through TD.2 
TD also holds merit in the formal education of dental professionals at multiple levels of 
study including entry-level and undergraduate DH, DDS/Doctor of Dental Medicine (DMD) and 
graduate students.13 14, 15, 16 However, schools that are currently using TD to train students to 
meet oral health care needs are located in states (Nebraska, California, Minnesota, and Arizona) 
that have more permissive policy regarding DH scope of practice and Medicaid coverage. North 
Carolina (NC) has a more restrictive climate regarding these same policy matters.17.18 While we 
know that some studies have shown an increase in knowledge and attitudes of dental and DH 
students after TD training in these permissive states, there is little evidence of this training or 
resulting knowledge or attitude change in policy restrictive states such as NC. Therefore, this 
study will fill this gap by identifying the knowledge and attitudes of TD among the dental 
professional student population in a state, North Carolina, where TD is less developed in part 
because of policy restrictions. Emphasis is placed on understanding students’ perspectives on 








CHAPTER II: REVIEW OF THE LITERATURE 
 
Introduction 
 TD is the use of technology to communicate health information, provide oral screening 
and healthcare, and educate remotely between providers and patients.1 This dental care 
delivery system was born out of a larger movement using telehealth technologies in the field of 
medicine.1 Telemedicine originated in a 1960s development by The National Aeronautics and 
Space Administration (NASA) to maintain the health of astronauts while in space. Growth 
continued in the 1990s with the development of the Internet that readily connected individuals, 
and is continually cultivated today with the use of mobile technology.19 The United States (U.S.) 
Army also extended telemedicine to provide periodontal care through development of their 
own project in 1994.20 This project began the movement toward using technology and remote 
communication to deliver oral health care and inspired the current trend of TD as a significant 
delivery system.  
 Historical developments in TD have led to multiple modalities of care including: 
synchronous video conferencing between patient and provider using audiovisual aids, 
asynchronous store-and-forwarding of collected data to the provider, remote patient 
monitoring (RPM) of continually collected health data, and information gathered through 
mobile devices, or mobile health (mHealth).2  
 The U.S. Department of Health and Human Services highlighted that vast oral health 
disparities exist across the nation, pointing to the need for development of new approaches to 
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dental treatment that address access to care barriers among populations.3 Consequently, TD 
has demonstrated its usefulness in answering this national call by significantly impacting the 
way dental care is delivered to disadvantaged populations through various specialties in 
dentistry. 21 
 Research regarding TD also revealed existing barriers that may limit its usefulness if not 
addressed. Concerns to implementing TD include: technology and implementation costs, 
security and privacy matters, reimbursement, diagnostic validity, personnel policy issues, and 
long-term health outcomes. 22, 23 This literature review will synthesize relevant information 
regarding TD and its current uses as well as perceived barriers to implementation as a dental 
care delivery model.  
PubMed and Google Scholar were used to search for literature using the terms 
“teledentistry”, “telehealth”, “virtual dentistry”. “e-health”, “access to dental care”, 
“teledentistry and education”, “telehealth security” and “telehealth privacy” from 1999 to 
2019. National and international publications were reviewed if they were published in the 
English language.   
 
Access to Care  
 The U.S. Senate reported that it is more difficult for individuals who are disabled, 
pregnant, elderly, of a racial minority, live in rural area, or have a low-income to access oral 
health care.24 Those who are the most in need of care are often least likely to receive it due to 
high costs of treatment, lack of dental insurance, and lack of and distance from dental 
providers. The use of telehealth technologies is one of the many solutions that the Senate 
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reported to increase access to care.24 This calls attention to the success of TD in treating these 
underserved populations.4, 25, 26 
 Early Childhood Caries (ECC) is a national oral health concern among school-aged 
children. In a study by Kopycka-Kedzierawski and colleagues4, 60 children, ages 1-2 years, living 
in inner-city New York were virtually screened for caries by a pediatric dentist at a remote site 
using intraoral photos captured in-person by a dental assistant (DA). The dentist also made 
treatment recommendations based on the images. Results revealed that 40% of children 
presented with active lesions. This was the first time many of these children were screened, 
enhancing early detection and prompt treatment of ECC. 4 A limitation of this study, knowledge 
of follow-up care access, is answered by McLaren and colleagues. They found that 
recommended treatment from TD consultations of 251 children was completed at high but 
varying rates among children on Medicaid or CHIP insurance. Differences ranged from 56-100% 
completion rates based on the treatment modality utilized: paediatric dental clinics, nitrous 
oxide anxiolysis, oral sedation or general anesthesia; there were not significant differences 
between treatment modalities.25 
After studying 126 children with malocclusions, Berndt and colleagues found that TD 
was an effective tool to address malocclusions by general dentists supervised remotely by an 
orthodontist when compared to orthodontic residents supervised in person by an 
orthodontist.26 Children living in rural communities disproportionately suffer from access to 
orthodontic care; however, this study demonstrated that TD provided access to specialty 
knowledge. 
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 Oral cancer is one of the most prevalent cancer types in the world and 
disproportionately affects disadvantaged populations.27 Early detection has been cited as a key 
strategy for successful treatment outcomes.27 Two studies considered the potential use of 
photographs, taken by smartphone and sent through an app, to aid in the early detection of 
cancerous lesions found in the oral cavity. One study found strong agreement between in-
person- and app-diagnoses for possible malignant lesions while another study found that use of 
an app streamlined the referral process between general and specialty dentists for cancer 
diagnosis.28,29 Both studies indicate that TD can be utilized for quicker detection of and referral 
for oral cancer in low-resource settings.   
 Prisoners lack access to specialty healthcare. Teleconsultation has proven to be an 
effective tool in telemedicine to diagnose and monitor dermatological conditions in French 
prisoners as well as treat the population for psychiatric conditions.30, 31 One team studied prison 
auxiliary personnel and remote dentists in France, with outcomes suggesting that TD is an 
acceptable instrument for dental diagnosis when data are collected by auxiliary personnel. It 
was used to prioritize treatment and increase oral care efficiency in the prison setting.5 These 
results point to the achievement of telehealth services in addressing the needs of prisoners in 
different medical specialties and imply usefulness in other areas, such as dentistry. 
 The elderly and populations with intellectual or physical disabilities may also benefit 
from TD, as suggested by a study that measured the behavior and mood of physically, mentally 
and psychologically impaired patients in eleven assisted-living facilities. Results suggested that 
patient satisfaction with TD increased when comparing dependent, semi-autonomous and 
autonomous patients.6 Accuracy of diagnosis in this vulnerable population is also important in 
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tandem with patient satisfaction. A study in eight French and German nursing homes included 
data collected by a DA from 235 geriatric patients followed by a dentist examination of each 
patient one week later. Results indicated a 93.8% sensitivity and a 94.2% specificity for 
detecting dental pathologies between the two exam types.32 These studies highlight that the 
elderly and individuals with a disability can benefit from quick and accurate diagnoses delivered 
through TD.    
 
Key Personnel  
Martin and colleagues surveyed general and specialty dentists in South Carolina. They 
discovered that of their sample of 384 dentists, 72.9% reported diagnostic consultation, 53.3% 
continuing education and 56.7% emergency consultation as potential uses for TD. The most 
commonly needed consultations were reported as endodontic at 42%, oral and maxillofacial 
surgery at 35.1% and orthodontic at 25.5%. 33 Additional literature has illustrated TD’s 
successful use of remote diagnosis in oral medicine, diagnosis and consultation in oral and 
maxillofacial surgery, access to orthodontic expertise by general dentists in the form of 
consults, consults in prosthodontics and periodontics, as well as diagnosis of caries by pediatric 
dentists.22 Additionally, Jampani and colleagues found that TD was also favorable in diagnosis of 
endodontic lesions in the specialty.34 
McFarland and colleagues found that out of the observed population of dentists, DDS 
students, DHs, DAs and other health care professionals, dentists significantly reported the 
highest percentage of feeling that the provided TD training was relevant to their work. 13 A 
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systematic review by Irving and colleagues suggest that there was a high level of acceptability 
by dental clinicians.35 This illustrates that TD is a pertinent tool for general dentists in practice.  
The successful use of dental allied health professionals in the implementation of TD is 
demonstrated by the Virtual Dental Home model at the University of the Pacific, Arthur A. 
Dugoni School of Dentistry. This system uses the dentist as the diagnosing supervisor and DHs 
and DAs as providers of screening, counseling and preventive services in community settings 
such as schools, Head Start programs, residential facilities and community health centers to 
underserved populations in California. The Virtual Dental Home model showed that the use of 
dental allied health professionals in TD to deliver preventive services has proven to be cost-
effective and increased vulnerable populations’ access to oral health care.8 In a study evaluating 
utilization of dental hygienists, there were no significant difference in caries detection between 
a dental hygienist using TD and a dentist using a clinical exam. This demonstrates the effective 
use of teledental technology by dental hygienists. 36 
 
Barriers 
Costs of technology and its implementation have often been cited as main barriers to 
the use of telehealth technologies in dentistry.7 A systematic review revealed that the use of TD 
proved cost-saving for patients in regards to travel expenses (distance, time, hotel) and missed 
work as well as for provider equipment purchase and operations. The review’s authors stated 
there was a need for more studies that explored patient health outcomes in relation to cost. 37 
Another systematic review supported that quality technologies are becoming increasingly 
available at a decreasing cost, as the demand for technology in society grows as a whole.35 Teoh 
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and colleagues found that a TD consultation saved patients with cleft lip and palate an average 
of $136.94 Australian dollars, with patients living farther away saving the most money. 
Providers also saved an average of 275.3 clinic days through consults, equating to a potential of 
an additional $73,400 Australian dollars per year if the time saved was utilized with financially 
productive appointments. These findings showed TD is a cost-effective option for patients with 
cleft lip and palate in rural areas. 9 Focusing on advantaged children, Estai and colleagues 
discovered that children that live in urban areas and are of higher socioeconomic status use 
about 50% of traditional dental screening resources in Australia. Switching them to TD 
screenings could save up to forty-million Australian dollars thus restructuring allocation to 
target disadvantaged populations’ needs.38  
Early results from the Virtual Dental Home model of TD show that it is a low-cost option 
for delivering preventive and diagnostic dental services while lowering the cost from dental 
neglect resulting in severe disease. Providing preventive services via allied health professionals 
made it less likely that oral disease would advance to requiring oral surgery or a visit to the 
hospital emergency department, therefore lowering the total cost of oral health neglect to 
patients, providers and the healthcare system.8  
 Several studies compare diagnoses obtained by remote, virtual and in-person clinical 
examinations. Two studies cited a need for further studies on oral disease diagnosing validity of 
TD 23, 34, while a systematic review concluded that TD examinations were consistent with visual 
examinations in studies covering pediatrics, general dentistry, radiology, endodontics, and 
orthodontics.10 Another systematic review reported no significant differences between TD and 
clinical screening for ECC in multiple studies, showing the potential benefit of early disease 
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detection in children.37 An additional study found that treatment modalities determined for 251 
children by means of TD remained the same at the time of treatment in 88% of children.39 This 
high treatment completion rate suggests patients will follow up with recommended care after 
being referred through TD. 39 Addressing adult patients, Namakian studied three dentists 
examining 29 patients in-person and virtually, separated by at least three weeks’ time, showing 
that dentists reached the same treatment decision 87% of the time, no matter the examination 
type.40 It is worth noting that TD is valid in addressing the needs of both children and adults. 
 Security of patient information is a concern regarding TD because protected health 
information (PHI) is stored and transferred by electronic means, vulnerable to unapproved 
access and interception. Nationally, the Health Insurance Portability and Accountability Act 
(HIPAA) and Technology for Economic and Clinical Health (HI-TECH) Act are currently in place to 
protect PHI. Cederberg suggested solutions to protecting PHI in dental schools, and application 
can also be applied to electronic health records used in the general practice of TD. They 
propose creation of continuing education courses (CEs) to explain proper ethical conduct 
regarding health records, setting privacy policies specifically regarding health records used in 
TD, and enacting a surveillance system to manage the records.41 With advances in telemedicine, 
it is essential to train personnel in prevention of  electronic breeches as well as set standard 
policies for handling electronic telemedical data.42 Overall, there does not seem to be a focus 
on security in telemedicine or TD literature. Beyond fines for violating HIPPA, more research 
needs to be done to confirm valid security measures for telehealth.  
 While reimbursement is cited as an obstacle to implementing TD, telemedicine is 
overcoming this obstacle with all states and Washington D.C. reimbursing for live video 
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conferencing with Medicaid, 15 states for store-and-forward care, 20 states for remote patient 
monitoring, and 38 states have laws governing reimbursement for private insurers as of 2019.12 
However, only a eight states reimburse for synchronous TD and five states for asynchronous TD 
consultations thorough Medicaid.11, 12 Reimbursement laws for TD will most likely continue to 
vary between states and insurance plans; however, the American Dental Association (ADA) 
released the first two CDT codes addressing synchronous and asynchronous TD events in 2017. 
Development of these insurance codes can facilitate equal reimbursement of established in-
person dental services and TD.2 Additionally, many completed TD studies were funded by 
grants, pointing to the need for governmental policy changes and financial incentives for dental 
professionals to allow for sustainable, long-term use of TD. 34, 43 
 Currently, there are few studies reporting on long term outcomes of TD, as this is a new 
mechanism for delivering dental care. 37 In the field of medicine, however, a six-month remote 
intervention of patients with cochlear implants found telemedicine to be sufficient means for a 
pathway to long-term care.44  In a systematic review analyzing treatment of maternal 
depression, four studies showed continued improvements over 2-9 months.45 A systematic 
review by Hanlon found that telemedicine was a safe self-management tool for controlling 
long-term conditions such as diabetes, heart failure, asthma, chronic obstructive pulmonary 
disease and cancer.46 These findings are significant because numerous oral diseases such as 
periodontal disease, chronic caries, and oral cancer are lasting conditions that require long-




Use in Formal Education  
TD also holds merit in the formal education of dental professionals at multiple levels. A 
study including a subset of third- and fourth-year DDS students at the University of Nebraska 
Medical Center (UNMC) College of Dentistry explored acquisition of knowledge for future use 
through effective training in TD. 13 Friction stated that the videoconferencing method of TD can 
be used to clinically train dental professionals to handle particular orofacial disorders. 47 Two 
studies that affirmed this method showed that video-conferencing between distant instructors 
and students as an effective learning tool at the graduate student level in orthodontics, general 
dentistry, oral and maxillofacial surgery and oral health care. These results support the use of 
TD as an educational tool to provide students with opportunities to acquire specialized 
knowledge from experts and gain clinical skills for general future use.48, 14 
Importantly, training in TD was also effective in improving the confidence levels of DH 
students at Minnesota State University, Mankato in performing TD screenings for underserved 
children.15 At Northern Arizona University, DH students demonstrated their essential role in 
assisting with the diagnosis of childrens’ oral health needs by providing diagnostic screening 
data from simulated remote sites with no significance difference compared to on-site data 
collection.16 These results display the impact of DH students trained in TD and their ability to 
effectively meet the screening needs of underserved populations and grant access to 






 TD has the potential to help mitigate current oral health disparities among populations 
that have little to no access to oral health care. The technology is currently being used by dental 
professionals to provide oral health care to children, prisoners, the elderly, and intellectually 
and psychologically impaired populations. While there are barriers to widespread 
implementation of TD, current evidence suggests the continuing reduction of obstacles such as 
high start-up cost, diagnostic validity of remote access, lack of reimbursement or equitable 
reimbursement for services, privacy/security issues, and lack of long-term outcomes.  
Education of oral health care professionals is essential to the future of the TD 
movement and is currently used as an education tool in a small portion of DH, DDS/DMD, and 
dental graduate student curricula. The schools that are currently using TD to train students to 
meet oral health care needs are located in states (Nebraska, California, Minnesota, New York 
and Arizona) that have more permissive policies regarding DH scope of practice and Medicaid 
reimbursement to cover asynchronous encounters, while NC has a more policy restrictive 
climate.17,18 While we know that some studies have shown an increase in knowledge and 
attitudes of DDS and DH students after TD training in these permissive states, there is little 
evidence of this training or resulting knowledge or attitude change in policy restrictive states 
such as NC. Therefore, this study will fill this gap by identifying the self-reported knowledge and 
attitudes of TD among the dental professional student population in a state where TD is less 
developed due to policy restrictions. A key emphasis is placed on understanding students’ 
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CHAPTER III: INTRODUCTION AND REVIEW OF THE LITERATURE 
 
TD is the use of technology to communicate health information, provide oral healthcare, 
screen, and educate remotely between oral healthcare providers and patients. This dental care 
delivery system was born out of a larger movement using telehealth technologies in the field of 
medicine.1  Historical developments in TD have led to multiple modalities of care including 
synchronous video conferencing between patient and provider using audiovisual aids, 
asynchronous store-and-forwarding of collected data to the provider, remote patient 
monitoring (RPM) of continually collected health data, and information gathered through 
mobile devices, or mobile health (mHealth).2   
The U.S. Department of Health and Human Services highlighted that vast oral health 
disparities exist across the nation, pointing to the need for development of new approaches to 
dental treatment that address access to care barriers among populations.3 Consequently, TD 
has demonstrated its usefulness in answering this national call by significantly impacting the 
way dental care is delivered to disadvantaged populations such as children, prisoners, and the 
elderly those with intellectual and developmental disabilities who have limited access to 
traditional dental care.4,5,6 There are many examples of dental professionals have successfully 
utilizing TD to deliver patient care including: oral medicine and maxillofacial surgeons, 
orthodontists, prosthodontists, endodontists, periodontists, pediatric and general dentists and 
dental hygienists.7,8  There is also noted evidence of TD being cost-effective due to decreased 
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travel expenses for patients, increased volume of patients for providers and overall reduced 
cost of dental neglect through educational and preventative services. 8,9 The validity of TD has 
been demonstrated through studies covering pediatrics, general dentistry, radiology, 
endodontics and orthodontics where diagnoses were consistent between TD and visual 
examinations.10  While all states and Washington D.C. reimburse providers for at least some 
form of telemedicine services, only eight states reimburse for TD services as of 2019.11,12 The 
American Dental Association (ADA) released the first two CDT codes addressing TD events in 
2017 and it is their hope that these codes will motivate further commercial and government 
reimbursement for services provided through TD.2 
TD also holds merit in the formal education of dental professionals at multiple levels of 
study including entry-level and undergraduate DH, DDS and graduate students.13 14, 15, 16 
However, schools that are currently using TD to train students to meet oral health care needs 
are located in states (Nebraska, California, Minnesota, New York and Arizona) that have more 
permissive policy regarding DH scope of practice and Medicaid coverage while NC has a more 
policy restrictive climate.17.18 While we know that some studies have shown an increase in 
knowledge and attitudes of DDS and DH students after TD training in these permissive states, 
there is little evidence of this training or resulting knowledge or attitude change in policy 
restrictive states such as NC. Therefore, this study will fill this gap by identifying the knowledge 
and attitudes of TD among the dental professional student population in a state where TD is 
less developed in part because of policy restrictions. A key emphasis is placed on understanding 
students’ perspectives on how TD should be adopted into their curriculum since it is not 





CHAPTER IV: MATERIALS AND METHODS 
Overview  
This study (#19-0242) was considered as exempt by the University of North Carolina at 
Chapel Hill Institutional Review Board (IRB). The null hypothesis states there are no changes in 
self-reported knowledge or attitudes in pre- and post- intervention survey responses after the 
educational TD intervention. The research design was a longitudinal mixed methods study using 
a survey, small group discussions, and a large group debriefing session. The intervention 
consisted of a video presentation, small group discussions and a large group debriefing session. 
The data collection process included a pre- and post- intervention survey, and notes from the 
large group debriefing session. 
 
Eligibility 
Inclusion criteria included enrollment in the DH program or second or third year of 
enrollment in the DDS program at the University of North Carolina at Chapel Hill (UNC) Adams 
School of Dentistry (ASoD). Other inclusion criteria included completion of a pre- and post-
intervention survey. Exclusion criteria were DDS students in their first or fourth year of study, 
refusal to complete the pre- and post-intervention surveys or failure to attend the intervention. 
First year DDS students were excluded from the study because they did not have clinical 
experience at the time of data collection. Fourth year DDS students were excluded because 
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many students were on extramural rotations. Thus, the entire class was not located at UNC 
ASoD at the time of intervention. 
 
Intervention 
The intervention was a pre-recorded lecture by Dr. Shaun Matthews, Director of 
Teledentistry at UNC ASoD. The lecture defined TD and related terms, discussed models of 
delivery, access to care statistics in NC, and laws governing TD events. The role of DHs, working 
under general supervision, using TD was emphasized with the California Virtual Dental Home 
model and was contrasted with the NC practice act requirement of direct supervision of DHs. A 
recorded, synchronous, post-operative consultation between a provider and patient was 
played. Further, reimbursement for TD events thorough Medicaid was reviewed and examples 
of TD’s potential use in curriculum were presented.    
 
Survey 
Survey questions were developed from previously completed studies regarding TD, 
access to oral health care, and curriculum. Both pre-and post- intervention surveys were pilot 
tested before the sessions by seven students who had not attended an intervention session. 
They included four DDS and three DH students from the UNC ASoD.  
The pre-intervention survey had 19 total questions including demographic questions 
about age range, gender, program type, and clinical experience. Other questions pertained to 
TD and included: current uses and modalities of TD, governing policies of TD, populations that 
may benefit from TD services and if TD can improve access to oral health care. Further 
 22 
questions included students’ role in using TD, if/how TD can be adopted into DDS and DH 
curriculum and how they may use it upon entering DDS and DH practice. All questions with 
Likert Scales used intervals of 1-5. Additionally, the surveys included four questions with one 
letter or number answers known only to the participant, which were used by the researcher to 
do a matched paired analysis of pre-and post-intervention answers.   
 
Recruitment and Implementation 
Students were recruited through email and paper flyers distributed in person. They 
were asked to sign-up prior to the intervention using a Google Form. The intervention took 
place in four separate sessions, one included second- and third-year DDS and first year DH 
students, the second included only second-year DH students while the third and fourth 
included only second-year DDS students.  
Two hours were allotted for each intervention session. The sessions began with 
obtaining informed consent from students, the administration of a voluntary Qualtrics® digital 
survey to assess their self-reported knowledge and attitudes about TD before the intervention. 
The link and QR code to the survey was displayed via a projector at the intervention for 
students to easily access them via smartphone or computer. All consenting participants 
watched a forty-minute pre-recorded presentation about TD and and it was followed by a ten-
minute question and answer session where the researcher answered all questions asked by the 
students.  
Participants then split into small groups. See Table 1 for group participants and sizes, by 
session. Each small group, guided by the facilitator, discussed three questions provided by the 
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researcher for thirty minutes. The three questions were: 1.) Do you think that TD has or does 
not have the potential to help alleviate the oral health crisis in North Carolina? Why or why 
not? 2.) What and how would you like to learn about TD while in school? 3.) Identify challenges 
and potential solutions to implement TD in DDS or DH curriculum.  All participants then 
reconvened as a single large group to share their answers to the same questions in an open 
forum debrief, guided by a facilitator, for thirty minutes. A student notetaker, that did not meet 
inclusion criteria, wrote down the main themes from the discussion. Then participants were 
asked to voluntarily complete another digital survey, based on their self-reported knowledge 
and attitudes about TD after the intervention.  
 
Data Analysis 
Analysis was done to compare participants who completed both the pre- and post- 
intervention survey. Four questions with one letter or number answers, known only to the 
participant, were used to match each participant’s pre-and post-intervention survey answers.  
The participants’ gender and age characteristics, type of program (DDS or DH) and year in 
program were determined. Categorical variables were created where 5 responses were 
dichotomized considering 1-2 as “no” and 3-5 as “yes.” Descriptive analyses were performed 
for each categorical variable and the distribution of these categories for the pre- and the post-
intervention surveys were compared and reported. McNemar’s matched pair test and Fishers 
exact test were used to compare the proportion of the participants’ responses to the pre-post 
survey questions for each binary outcome.  Additional analyses were performed to compare 
sub-groups such as DDS versus DH students and by class year in program. The 5% statistical 
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significance level was used for all statistical tests. SAS version 9.4 (TS1M1 SAS Institute Inc., 

























CHAPTER V: RESULTS 
 Fifty-two students completed the pre-intervention survey only while forty-four students 
completed the lecture, discussions and pre- and- post-intervention survey, for a participation 
rate of 85%. The analytic pre-post survey sample (n=44) included 14 DDS and 30 DH students. 
Refer to Table 2 for gender, age range, program and year of study demographic information.  
One-hundred percent of participants matched all four items they individually generated to 
create the ID for matching pre-to-post-survey answers.  
 Comparison of pre-and-post-survey responses showed a significance difference in self- 
reported knowledge of TD among students in the analyzed sample (p <0.01). There was a mean 
score increase of self- reported knowledge from 2 to 3.9 on a 1-5 Likert Scale (with 1 being no 
knowledge to 5 being very knowledgeable.) Ninety-one percent of students “agreed” or 
“strongly agreed” that they gained knowledge from the session that they could use in the 
future. Results regarding access to care issues that TD can address in NC are presented in Table 
3 with an increase in all but one category after the educational intervention. The one category, 
“increase access to care”, that did not show an increase had the highest positive response, 89%, 
of any category pre-intervention survey. 
A significant difference was also found in regards to attitudes of DHs’ role in the delivery 
of services through TD (p=0.04). The majority of students (61%) felt that the NC state practice 
act requiring direct supervision of DHs, limiting their TD use in community settings, was the first 
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barrier, among the six choices, that needed to be addressed to adopt TD into practice, including 
57% of DDS students.  
Generally, students felt that TD should be adopted into the DDS (78%) and DH (75%) 
curriculum. As shown in Figure 1, the majority of students felt that TD could be taught in 
several ways: using simulated cases, in clinical practice, integrated into DH extramural 
community rotations, and DDS Dentistry in Service to Communities (DISC) rotations. [DISC sites 
are extramural rotations where students provide dental services at underserved locations 
across the state (i.e. local health departments, community health centers, hospitals, and 
correctional facilities.)] An average of 79% of DDS students felt TD should be implemented in 
preclinical, clinical and simulated cases compared to 40% of DH students. Forty- three percent 
of DH students felt TD was appropriately taught in didactic courses compared to 36% of DDS 
students. Barriers to the implementation of TD into curriculum are displayed in Table 4 and 
included: cost of required technology, lack of perceived instructor technical skills, lack of 
student interest and restricted scope of practice for dental hygienists, including 71% of DDS 
students choosing this option. (Note: this question was only included in the post-test because it 
was felt students would not have enough knowledge of TD to answer it in the pre-survey.) It is 
noteworthy that 52% of students were unsure if they would practice using TD as a part of their 
patient care after graduation. 50% of DDS students indicated that they expected to use TD after 








CHAPTER VI: DISCUSSION 
This study identified the knowledge and attitudes toward TD among the oral health 
professional student population at UNC ASoD, where TD is less developed in the state in part 
because of policy restrictions. A key emphasis was placed on understanding students’ 
perspectives on how TD should be adopted into their curriculum.  
 
Knowledge  
Education about TD through this study’s processes led to an increase in self- reported 
knowledge of TD that students could use in the future. This knowledge gain through an 
educational intervention is supported by another study at the University of Nebraska Medical 
Center, College of Dentistry.  Third-and-fourth year DDS students gained knowledge about TD, 
as measured by a survey, after receiving didactic and hands-on TD training. Students in 
Nebraska learned about basic TD concepts including: definition, technology, applications, 
scheduling, conducting consultations and record keeping through modules.13 These concepts 
could be included in student TD training in NC and beyond. 
 
Access to Care 
Generally, TD has been shown to increase access to care via consultations involving 
general and specialty dentists .7,14,19, Additionally, in general healthcare, telehealth 
consultations have been shown to increase access to medical specialists.20 The UNC results 
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indicated that students think TD should be used to increase access to oral healthcare in North 
Carolina and may be used to facilitate consultation with health care specialists. Furthermore, 
students felt that access to preventive care (oral hygiene education, prophylaxes, and fluoride) 
could be expanded through the use of TD. The majority of students also reported that TD could 
be used to increase efficient use of clinicians’ and patients’ time and reduce patients’ travel 
costs. In other studies, TD has been successful in providing cost-savings for patients’ travel 
expenses and provider equipment purchase, operation and time 9,21 Students emphasized the 
value of TD-based care as an augment to traditional, in person care, not a replacement.  
 
Curriculum  
Overall, students in the UNC study agreed with findings from another DH study that 
there is high value of including TD in DH curriculum.15 Additionally, the UNC study wanted to 
understand the value of including TD in the DDS curriculum, which was also highly valued 
among the surveyed students. DDS and DH students agreed that TD was valuable in each-
others’ curriculum, suggesting that it should be taught in both types of curriculum, or where 
possible, taught to both groups of students together.  
This study was the first to ask students by what methods they think TD should be taught 
in oral health professionals’ curriculum. A major theme from the debrief session was that TD 
should be taught through didactic lectures, then practice with hands-on training. Interestingly, 
the post-intervention survey revealed a higher percentage of DH students and a lower 
percentage of DDS students thought TD was appropriately taught through didactic courses. 
Consequently, a higher percentage of DDS students and a lower percentage of DH students felt 
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that TD was appropriately taught through hands-on training (i.e. preclinical and clinical practice, 
simulated cases) The difference may be due to the increase in clinical training as DDS students 
continue through their program while didactic and clinical training remain at an even balance 
throughout DH training at UNC-ASoD. Students also felt that TD could be implemented more 
easily in the school setting because of technology already in place (i.e. electronic health 
records, computers, intra-oral cameras, portable radiographic equipment, etc.)   
 
Barriers to Implementation  
The largest barrier to implementing TD into curriculum identified by the students was 
the NC state dental practice act requiring direct supervision of DHs. Half of the DDS students 
indicated that they expected to use TD after graduation while less than one-fourth of DH 
students indicated the same. The debriefing session revealed that this may occur until the 
practice act is changed to allow for general supervision of dental hygienists, DH students do not 
see the value of learning a skill they cannot use upon entering practice. Minnesota has created 
a supportive policy environment for dental hygienists to practice under general supervision that 
has further allowed for TD integration into DH curriculum at Minnesota State University 
Mankato.15,22 Additionally, the Virtual Dental Home utilizes dental hygienists in community 
settings, under general supervision, and has made a substantial impact regarding access to care 
in California. 8 
Lack of student interest was another largely cited barrier to the implementation of TD 
into curriculum. During the debriefing session, students discussed the importance of educating 
other students and dental faculty about the benefits of TD in providing access to care to 
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underserved populations. Educating faculty will be of great importance to ensure that all faculty 
have updated knowledge on the technology used in TD. Students also felt that TD must show a 
clear return on investment to be an attractive curriculum addition to DDS and DH programs.   
Though they were not included in this study’s survey, other barriers to the 
implementation of TD in NC are lack of reimbursement avenues for providers and expanding 
what qualifies as an originating site for reimbursement purposes. Providers are less likely to 
provide services that are not reimbursable. Currently, NC Medicaid only reimburses for 
synchronous TD consultations and not for asynchronous TD consultations. Asynchronous 
consultations allow patients and providers to interact when it is convenient for them and may 
reduce wait times for scheduling. There is also a need for increased access to high-speed 
internet in rural areas so patients can access internet-based TD delivery modes.  
 
Study Limitations 
The limitations of the study were a relatively small sample size, convenience sampling 
method, and inclusion of students from one NC DDS and DH program. These factors impact the 
generalizability of the findings. DH students at a university may differ demographically and in 
experience than DH students enrolled in a community college dental hygiene program. In the 
future, it would be of value to survey DDS students at other schools in the state (i.e. East 
Carolina School of Dental Medicine) and DH students enrolled in community college programs 
to understand their attitudes toward TD. Additionally, since teaching TD requires knowledge 
and competent instructors, there should be research conducted regarding knowledge and 
attitudes of TD among DDS and DH program faculty. TD education and experience for faculty 
 31 
and faculty calibration will be needed prior to curriculum implementation. Evaluation of 
projects involving student preparation to implement TD and best teaching methodologies 
should be completed to understand its feasibility, appropriate placement and format in DDS 























CHAPTER VII: CONCLUSION 
The educational session resulted in significant increase in self-reported knowledge of TD 
and showed potential to help alleviate access to care issues if TD was implemented. The study 
also demonstrated positive attitudes toward the adoption of TD into multiple facets of DDS and 
DH curriculum. Educational and hands-on TD training are valuable to the future practice of 
dental professional students. However, a major barrier to its adoption into practice is the 











































1 DH 4 5 
2 DH and DDS 5 5-6 
3 DDS 1 4 
4 DDS 1 3 
  
Table 1. Small Group Participation by Session  
 
 
Category  Number (n) 
Gender  
Male  3 
Female 41 
Age Range  
18-24  24 
25-34 20 
Program / Year  
DDS / 2 8 
DDS / 3 6 
DH / 1 10 
DH / 2 20 
 















What issues do you think teledentistry can 
address in North Carolina?    









Increase access to care 39 (89) 39 (89) 
Increase efficient use of clinicians’ time 33 (75) 35 (80) 
Increase efficient use of patients’ time 34(77) 41 (93) 
Reduce patients' travel costs 37 (84) 41 (93) 
Increase patient outreach 36(82) 39 (89) 
Facilitate consultation with health care specialists 32 (73) 40 (91) 
Increase reimbursement to dentists by provision of  
more services 19(50) 30 (68) 
Increase the number of dentists who are prepared to treat 
patients in the rural/underserved communities in NC 26 (59) 35 (80) 
Other, please specify 0 (0) 5 (12) 
 












Figure 1. Placement of Teledentistry Instruction in Dental 



































If any, what barriers need to be 
addressed to implement 
teledentistry in your curriculum? 




Cost of required technology 19 (43) 
Lack of instructor technical skills 25 (57) 
Lack of student interest 22 (50) 
Inadequate HIPPA training 8 (18) 
Restricted scope of practice for 
dental hygienists 39 (89) 
Other, please specify 2 (5) 
I don't know 0 
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